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TECHNICAL MEMORANDUM X-53608 

3 LOW GRAVITY SIMULATION BY HIGH ALTITUDE DROP TESTING _+ 

. Frank Bugg .” ’ 

/ {t .& Marshall Space F l i g h t  Center 

Huntsv i l le ,  Alabama 2 
d 

ABSTRACT 

A high a l t i t u d e  drop tes t  technique f o r  s imula t ion  o f  low g r a v i t y  
environments has been inves t iga t ed .  It w a s  found t h a t  cont inuous low 
g r a v i t y  tes t  times of  24 t o  26 seconds could be achieved w i t h  a maximum 
drag  s h i e l d  v e l o c i t y  o f  820 f t / s e c .  Thrust  app l i ed  t o  t h e  drag  s h i e l d  
opposing t h e  drag  f o r c e  w a s  requi red  t o  l i m i t  t h e  t r a v e l  of  t h e  expe r i -  
ment package r e l a t i v e  t o  t h e  sh ie ld .  Appl ica t ion  o f  a cons tan t  t h r u s t  
f o r  t h e  d u r a t i o n  o f  a drop, a p p l i c a t i o n  o f  a t h r u s t  i nc reas ing  a t  a con- 
s t a n t  ra te ,  and delayed a p p l i c a t i o n  of  a cons t an t  t h r u s t  were s tud ied .  
The l a t t e r  two t h r u s t  methodsgave  t h e  b e t t e r  r e s u l t s  ( i . e . ,  longer  t es t  
times w i t h  s h o r t e r  drag  s h i e l d  requi red) .  In  some c a s e s ,  22 t o  24 sec-  
onds of  low g r a v i t y  t e s t  t i m e  were ind ica t ed  w i t h  a drag  s h i e l d  which 
allowed 15 f e e t  o f  l o n g i t u d i n a l  t r a v e l  of  t h e  experiment package re la t ive  
t o  t h e  s h i e l d .  

The e f f e c t s  o f  changes i n  long i tud ina l  aerodynamic s t a b i l i t y  and wind 
p r o f i l e  on  t h e  drag  s h i e l d  and experiment package dynamics were a l s o  
s tud ied .  A wide range of  va lues  for  t h e  s t a b i l i t y  parameter was found t o  
be acceptab le .  The l a t e ra l  motion o f  t h e  experiment package r e l a t i v e  t o  
t h e  d rag  s h i e l d  w a s  l e s s  t han  one-half  f o o t  f o r  t he  most severe  cond i t ions  
of  wind and aerodynamic s t a b i l i t y  inves t iga t ed .  
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DEFINITION OF SYMBOLS 

A dot  above a coord ina te  i s  used to  i n d t c a t e  d i l E e r e n t i a t i o n  wi th  
r e s p e c t  t o  time. 
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D e f i n i t i o n  

v e r t i c a l  d i s t ance  t r ave led  by drag  s h i e l d ,  f t (m)  ( see  f i g .  1) 

h o r i z o n t a l  d i s t ance  t r ave led  by drag  s h i e l d ,  f t (m)  (see f i g .  1 )  

l ong i tud ina l  d i s t a n c e  t r ave led  by experiment package r e l a t i v e  
t o  drag  s h i e l d ,  f t (m)  (see f i g .  1 )  

time a f t e r  r e l e a s e  of drag  s h i e l d ,  sec .  

angle  between drag s h i e l d  c e n t e r l i n e  and v e r t i c a l ,  degrees  
( see  f i g .  1 )  

angle  between drag s h i e l d  c e n t e r l i n e  and r e l a t i v e  wind, 
degrees  ( see  f i g .  1 )  

v e l o c i t y  of ho r i zon ta l  wind, f t / s e c  (m/sec) 

drag  s h i e l d  moment of  i n e r t i a  about i t s  c e n t e r  of  g r a v i t y ,  
1b f - f t - s ec2  (N-m-sec') 

maximum c ross  s e c t i o n  a r e a  of drag  s h i e l d ,  f t '  (m2) 

drag s h i e l d  d iameter ,  f t  (m) 

(kg/m"j 
lbf - s e c' 

f t 4  a i r  d e n s i t y ,  

d rag  f c r c e ,  l b f  (N) (see f i g .  1 )  

normal f o r c e ,  l b f  ( N )  (see f i g .  1 )  

p i t c h i n g  moment, I b f - f t  (N-m) (see  f i g .  1) 

drag fo rce  c o e f f i c i e n t  , D 
1 
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DEFINITION OF SYMBOLS (Continued) 

Def in i t i on  

time a t  which t h r u s t  i s  i n i t i a t e d ,  s e c  

d rag  s h i e l d  t h r u s t ,  lb f  (N) ( s ee  f i g .  1) 

experiment package t h r u s t ,  l b f  (N) (see f i g .  1) 

drag  s h i e l d  mass, l b m  (kg) 

expeyiment package m a s s ,  lbm (kg) 

l o w  g r a v i t y  tes t  a c c e l e r a t i o n ,  g 

a c c e l e r a t i o n  of g r a v i t y  = 32.17 f t / s e c 2  (9.8 m/sec2) 

i n i t i a l  h o r i z o n t a l  v e l o c i t y  of drag s h i e l d ,  f t / s e c  (m/sec) 

l a te ra l  d i s t a n c e  t rave led  by experiment package r e l a t i v e  t o  
drag s h i e l d ,  f t  (m) (see f i g .  1) 
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LOW GRAVITY SIMULATION BY HIGH ALTITUDE DROP TESTING 

. 
SUMMARY 

A h igh  a l t i t u d e  drop tes t  technique f o r  s imula t ion  of low g r a v i t y  
environments has  been inves t iga t ed .  It w a s  found t h a t  cont inuous low 
g r a v i t y  t es t  t imes of  24 t o  26 seconds could be achieved wi th  a maximum 
drag  s h i e l d  v e l o c i t y  o f  820 f t / s e c .  Thrust  appl ied  t o  t h e  drag  s h i e l d  
opposing t h e  d rag  fo rce  was required t o  l i m i t  t he  t r a v e l  o f  t h e  expe r i -  
ment package r e l a t i v e  t o  t h e  sh i e ld .  Appl ica t ion  of  a cons t an t  t h r u s t  
f o r  t h e  d u r a t i o n  of  a drop, a p p l i c a t i o n  of a t h r u s t  i nc reas ing  a t  a cgn- 
s t a n t  r a t e ,  and delayed a p p l i c a t i o n  o f  a cons tan t  t h r u s t  were s tud ied .  
The l a t t e r  two t h r u s t  methods gave t h e  b e t t e r  r e s u l t s  (i.e.,  longer  t e s t  
t i m e s  w i t h  s h o r t e r  drag  s h i e l d  r equ i r ed ) .  In  some cases ,  22 t o  24 sec-  
onds of low g r a v i t y  t es t  t i m e  were ind ica t ed  w i t h  a drag  s h i e l d  which 
allowed 15 f e e t  of long i tud ina l  t r a v e l  o f  t he  experiment package re la t ive  
t o  t h e  s h i e l d .  

The e f f e c t s  of changes i n  long i tud ina l  aerodynamic s t a b i l i t y  and 
wind p r o f i l e  on  t h e  drag  s h i e l d  and experiment package dynamics were a l s o  
s tud ied .  A wide range o f  va lues  fo r  t h e  s t a b i l i t y  parameter w a s  found t o  
be acceptab le .  The l a t e r a l  motion of t h e  experiment package re la t ive  t o  
t h e  d rag  s h i e l d  w a s  less than  one-half  f o o t  f o r  t h e  most severe cond i t ions  
of  wind and aerodynamic s t a b i l i t y  inves t iga t ed .  

I. INTRODUCTION 

The Nat ional  Aeronautics and Space Adminis t ra t ion  i s  engaged i n  a 
cont inuing  r e s e a r c h  program t o  achieve an understanding of l i q u i d  propel -  
l a n t  dynamics i n  a low g r a v i t y  environment. The experimental  p o r t i o n  of  
t h i s  r e sea rch  has been performed i n  the fol lowing ways: 

(1) Experimenting i n  a l o w  a c c e l e r a t i o n  environment, by means 
o f  drop towers,  a i r c r a f t  f l y i n g  pa rabo l i c  a r c s ,  o r b i t a l  
and sub-o rb i t a l  rocket-launched experiments.  

(2) Experimenting a t  one-g, choosing tank s i z e  and tes t  l i q u i d  
p r o p e r t i e s  such t h a t  the r a t i o  of body fo rces  t o  adhes ive  
f o r c e s  i s  t h e  same f o r  t h e  model a t  one-g as f o r  t h e  f u l l  
s c a l e  tank a t  low-g. 



The second method i s  by f a r  t he  most economical way t o  o b t a i n  expe r i -  
mental  da ta ;  however, because of t h e  very  s m a l l  tank s i z e s  r equ i r ed  
f o r  s c a l i n g  adhesive and body f o r c e s ,  v i scous  f o r c e s  become important 
and the  model becomes i n c o r r e c t .  More experimental  d a t a  are needed, 
t h e r e f o r e ,  from a low a c c e l e r a t i o n  environment f o r  d i r e c t  v e r i f i c a t i o n  
of low-g t h e o r e t i c a l  work and f o r  d e f i n i t i o n  of v i s c o s i t y  e f f e c t s  i n  
small  models t o  inc rease  the  va lue  of  one-g experiments.  

The purpose of the  p re sen t  i n v e s t i g a t i o n  i s  t o  examine by means o f  
analog and d i g i t a l  computers a method o f  experimenting i n  a low a c c e l e r a -  
t i o n  environment us ing  an  experiment package i n s i d e  a drag  s h i e l d , a s  i n  
drop tower t e s t i n g ,  but dropped from high a l t i t u d e  t o  g ive  more t e s t  
t ime. A st reamlined body was chosen a s  t h e  drag  s h i e l d  shape, and t h e  
c r i t i c a l  Mach number f o r  t h i s  shape w a s  t aken  as t h e  maximum Mach number 
t o  be permit ted dur ing  the  drop. Drops were s imulated on t h e  computer 
w i th  drag s h i e l d  mass, drag s h i e l d  t h r u s t  ( t h r u s t  opposing drag)  and 
experiment package t h r u s t  ( t h r u s t  providing t e s t  a c c e l e r a t i o n )  as v a r i -  
a b l e s .  Records of drag s h i e l d  and experiment package dynamics are p re -  
sen ted  as a f:inction o f  time f o r  s e v e r a l  d rops .  The e f f e c t s  of  changes 
i n  drag  sh ie ld  aerodynamic s t a b i l i t y  and changes i n  wind g rad ien t  were 
a 1 so i nv e s t i ga t e d . 

11. DISCUSSION 

A. Procedure 

The method of  low-g t e s t i n g  i n v e s t i g a t e d  uses  the  techniques  
of drop Lower t e s t i n g  wi th  sonle a d d i t i o n s .  The drag s h i e l d  w i t h  expe r i -  
ment package i n s i d e  i s  l i f t e d  t o  the  d e s i r e d  drop a l t i t u d e  by a h e l i -  
c j p t e r  o r  ba l loon .  Af te r  r e l e a s e ,  the bomb-like drag  s h i e l d  (shown 
scheiiL,tical?y i n  f i g .  1) f a l l s  w i th  t h e  experiment f r e e  i n s i d e ,  and the  
d e s i r e d  t e s t  a c c e l e r a t i o n  i s  produced by a s m a l l  t h r u s t ,  app l i ed  t o  
the  experiment package, as i n  drop tower t e s t i n g .  Howeve:!’since t h e  
t e s t  a c c e l e r a t i o n s  of  i n t e r e s t  a r e  s m a l l ,  t he  experiment package begins  
t o  move toward the  forward end of  t h e  s h i e l d  a s  t h e  drag  f o r c e  i n c r e a s e s ,  
and a t h r u s t ,  Ts ,  m u s t  be app l i ed  t o  the  s h i e l d  t o  prevent  t he  experiment 
from reaching the  end. 
and experiment package. This s tudy i s  concerned w i t h  t h e  dynamics of  
t he  drag s h i e l d  and experiment package a f t e r  r e l e a s e  and before  t h e  
recovery sequence begins .  

A parachute  system i s  used t o  recover  the  s h i e l d  

, 

The systems of  axes  used a r e  shown i n  f i g u r e  1 along wi th  the  
p o s i t i v e  d i r e c t i o n s  ass igned  t o  the  t h r u s t  v e c t o r s .  The equat ions  of 
motion f o r  t h e  drag  s h i e l d  and experiment package a r e  as fol lows:  

2 
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These equat ions ,  solved on the  computer as shown i n  f i g u r e  2 ,  were used 
w i t h  t h e  fol lowing assumptions: 

(1) g i s  cons tan t  = 32.17 f t / s e c 2 ;  

(2) p i s  cons tan t  = .00238 s l u g / f t 3 ;  

(3) drag  o f  t h e  experiment package as it moves through the  
a i r  i n s i d e  the  sh i e ld  i s  n e g l i g i b l e ;  

(4) CD = cons tan t  = .03 is  t h e  drag  s h i e l d  drag  c o e f f i c i e n t ;  
and 

(5) A = 19.63 f t 2 .  

Reference 1 gives  the  c o r r e c t i o n  fo r  g as -.003 f t / s e c 2  p e r  1000 f e e t  
above sea l e v e l  and the  a i r  dens i ty  a t  10,000 f e e t  as 74 pe rcen t  of the  
va lue  a t  sea  l e v e l .  Assumptions (1) and (2)  a r e  such t h a t  the s h i e l d  
t h r u s t  requirements i n  the  r e a l  case would be less than those presented  
i n  t h i s  i n v e s t i g a t i o n .  Assumption (3)  is  v a l i d  i f  the s h i e l d  i s  p a r -  
t i a l l y  evacuated o r  i f  the  v e l o c i t y  of the package r e l a t i v e  t o  the  
s h i e l d  is kep t  very  low (e .g . ,  i f  3 percen t  e r r o r  i n  a is  the  maximum 
a l lowab le  f o r  a = 10'3g and the sh i e ld  has not  been evacuated, then 

must be l e s s  than .92 f t / s e c ) .  kp/s 

A s t reaml ined  body f i v e  f e e t  i n  diameter  w i th  a maximum length-  
to-diameter  r a t i o  of 2 . 7 5  w a s  chosen as the  drag s h i e l d  shape.  The drag  
c o e f f i c i e n t  of t h i s  body w a s  nea r ly  cons t an t  and l e s s  than .03 up t o  a 
Mach number of .74 a t  which the  drag c o e f f i c i e n t  increased r a p i d l y  ( see  
r e f e r e n c e  2 ) .  By assumption ( 4 ) ,  the r e s u l t s  a r e  no t  a p p l i c a b l e  beyond 
M = .74 which corresponds approximately t o  As = 820 f t / s e c .  

. 
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B. Resul ts  

1. Drag Shield Dynamics 

The e f f e c t s  o f  t h e  drag  s h i e l d  mass on i t s  f r e e  f a l l  
dynamics a re  shown i n  f i g u r e  3 .  
f e l l  and the v e l o c i t y  a t t a i n e d  i n  a g iven  time were changed less  than  
10 percent  by the  change i n  s h i e l d  mass from 1250 lbm t o  5000 lbm. The 
a c c e l e r a t i o n ,  xs + g ,  i s  t h e  a c c e l e r a t i o n  a n  accelerometer  on the  s h i e l d  
would experience as the  drag  fo rce  on the  s h i e l d  increased .  An expe r i -  
ment package f l o a t i n g  f r e e  i n s i d e  the  s h i e l d  would a c c e l e r a t e  toward the  
forward end of  t h e  drag  s h i e l d  w i t h  a c c e l e r a t i o n  equal  t o  xs + g. The 
va lue  ms = 5000 lbm, chosen as a r e p r e s e n t a t i v e  va lue ,  w a s  kep t  cons t an t  
i n  the  remainder of t h e  i n v e s t i g a t i o n .  It i s  seen  from f i g u r e  3 t h a t  
t h e  maximum low-g t e s t  time f o r  t he  s h i e l d  w i t h  ms = 5000 lbm w a s  
26 seconds as determined by t h e  v e l o c i t y  l i m i t  o f  820 f t / s e c .  During 
t h i s  time t h e  s h i e l d  f e l l  10,800 f e e t .  (The 15,000-foot  release a l t i -  
tude  w a s  chosen a r b i t r a r i l y  and would be changed as r equ i r ed  t o  g ive  
s u f f i c i e n t  t i m e  f o r  d e c e l e r a t i o n  of  t h e  s h i e l d  by parachute . )  

The d i s t a n c e  t h i s  s t reaml ined  body 

Figure 4 compares t h e  5000 lbm drag  s h i e l d  dynamics f o r  a 
drop i n  a vacuum (no d r a g ) ,  a drop w i t h  d rag ,  and drops wi th  drag  and 
v a r i o u s  constant  t h r u s t s  opposing drag. The drop d i s t a n c e  f o r  26 sec-  
onds w a s  approximately 1000 f e e t  g r e a t e r  f o r  t h e  s h i e l d  wi th  t h e  maxi- 
mum t h r u s t  than  f o r  t he  s h i e l d  wi th  no t h r u s t .  The t e s t  time a v a i l a b l e  
was decreased by approximately 2 .4  seconds by inc reas ing  t h e  s h i e l d  
t h r u s t  from Ts/ms = 0 t o  Ts/ms = 3.00. 
t h r u s t  i s  t o  reduce the  d i s t a n c e  t r a v e l e d  by the  experiment package r e l a -  
t i v e  t o  the s h i e l d .  
package r e l a t i v e  t o  the  s h i e l d ,  when t h e  package t h r u s t  i s  zero ,  a drag  
s h i e l d  t h r u s t  which produced a zero va lue  of xs + g throughout t h e  drop 
would be i d e a l .  To main ta in  its + g = 0 dur ing  a drop,  the  drag  s h i e l d  
t h r u s t  would have t o  be equal  t o  the  drag  f o r c e  a t  a l l  t imes.  One r e l a -  
t i v e l y  simple method o f  keeping xs + g near  zero i s  ind ica t ed  by t h e  
saw-tooth l i n e  i n  f i g u r e  4 .  A c l u s t e r  of  cons t an t  t h r u s t  rocke t s  could 
be used and t h e  t h r u s t  then  increased  i n  s t e p s  dur ing  t h e  drop. Also,  
xs + g could be made t o  approach zero by inc reas ing  the  number of s t e p s  
and decreasing t h e  s t e p  magnitude. 

The purpose of  the  drag  s h i e l d  

Since it, + g r e p r e s e n t s  t h e  a c c e l e r a t i o n  of  t h e  

Drag s h i e l d  drops showing the  e f f e c t s  of s h i e l d  t h r u s t s  
which increase  l i n e a r l y  wi th  time a.re represented  i n  f i g u r e  5 .  For 
the  t h r u s t s  considered,  the  e f f e c t s  on drop d i s t a n c e  and low-g t e s t  
time provided a r e  seen  t o  be s m a l l .  A s  expected,  approximating the 
drag by t h r u s t s  which increased a t  a cons t an t  r a t e  gave maximum 
values  of xs + g much lower than were p o s s i b l e  wi th  any of the  con- 
s t a n t  magnitude t h r u s t s  i n  f i g u r e  4 .  

. 
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2. Experiment Package Dynamics 

i -  i 

I .  

I -  

. 

There i s  more i n t e r e s t  i n  experimenting i n  a low acce le ra -  
t i o n  environment than  i n  a zero a c c e l e r a t i o n  environment; t h e r e f o r e ,  a 
s m a l l  t h r u s t ,  Tp, would be appl ied t o  the  experiment package t o  provide 
t h e  des i r ed  t e s t  a c c e l e r a t i o n .  A s  i nd ica t ed  i n  f i g u r e  1, t h i s  t h r u s t  
would a c c e l e r a t e  t h e  package toward t h e  rear of t he  drag  s h i e l d .  The 
d i s t a n c e  moved by t h e  package r e l a t i v e  t o  the  s h i e l d  i s  shown i n  f i g -  
u r e  6 f o r  s e v e r a l  t e s t  acce le ra t ions .  The d a t a  i n  t h i s  f i g u r e  wi th  
Ts = 0 show t h a t ,  f o r  reasonable  drag  s h i e l d  l eng th  (perhaps 25 f t ) ,  
t h e  t e s t  time a v a i l a b l e  would be l imi t ed  by t h e  package t r a v e l  r e l a -  
t i v e  t o  the  s h i e l d  and would be cons iderably  l e s s  i n  most cases than  
t h e  24 t o  26 seconds requi red  fo r  the  s h i e l d  t o  reach  t h e  l i m i t i n g  
v e l o c i t y .  For t h e  t e s t  acce le ra t ions  a = . lo0 and a = .030 g ,  a nega- 
t i v e  drag  s h i e l d  t h r u s t  (o r  more d rag )  would be requi red  t o  keep the  
package away from t h e  a f t  end of  t h e  s h i e l d .  

Figures  7 and 8 show the  e f f e c t s  of  some cons tan t  magnitude 
and cons tan t  r a t e  o f  i nc rease  drag s h i e l d  t h r u s t s  on xp / s -  
shows the  e f f e c t  o f  cons tan t  t h r u s t s  app l i ed  t o  t h e  drag s h i e l d  f o r  
p a r t  o f  t h e  drop t ime. 
.2 ,  and .4 ,  t e s t  times o f  about 22 t o  23 seconds could be obta ined  
w h i l e  t h e  experiment package moves 25 f e e t  r e l a t i v e  t o  the  s h i e l d  w i t h  
t e s t  a c c e l e r a t i o n s  a = .01, ,003, .001, and .OOOlg, r e s p e c t i v e l y .  For 
t h e s e  same t e s t  a c c e l e r a t i o n s ,  f i gu re  8 shows t h a t  t e s t  times of  23 t o  
25 seconds are p o s s i b l e  i n  a 25-foot s h i e l d  using drag s h i e l d  t h r u s t s  
which inc rease  l i n e a r l y  w i t h  time. T e s t  t imes of 22 seconds would be 
a v a i l a b l e  i n  a s h i e l d  which allowed 15 f e e t  o f  package t r a v e l  r e l a t i v e  
t o  t h e  s h i e l d  f o r  t e s t  acce le ra t ions  of  .003g o r  less ( f i g u r e  8b,  c ,  
and d ) .  
t o  f a l l  f o r  a few seconds and then applying a cons tan t  t h r u s t  f o r  t he  
remainder of  t he  drop. 
seconds a f t e r  r e l e a s e  of t he  sh i e ld .  This t h r u s t  scheme gave good 
r e s u l t s  f o r  t he  . O O O l g  t e s t  acce le ra t ion .  
( t i  = 12.6) show t h a t  24-second t e s t  t imes can be achieved w i t h  a 
s h i e l d  15 f e e t  o r  more i n  length .  Therefore ,  t h e  cons tan t  r a t e  of  
i n c r e a s e  and t h e  delayed i n i t i a t i o n  t h r u s t s  ( f i g u r e s  8 and 9 )  gave 
b e t t e r  r e s u l t s  ( i . e . ,  more t es t  time i n  s h o r t e r  drag s h i e l d s )  than  the  
cons t an t  magnitude t h r u s t s  t r i e d  i n  f i g u r e  7 .  

Figure 9 

From f igu re  7 ,  i t  i s  seen  t h a t ,  f o r  Ts/ms = .l, 

The d a t a  i n  f i g u r e  9 were obta ined  by al lowing t h e  drag  s h i e l d  

Thrust  was i n i t i a t e d  a t  times, ti, o f  0 t o  1 2 . 6  

Figures  9b ( t i  = 8 )  and 9c 

3 .  Effec t  o f  Winds 

The e f f e c t  o f  winds on the  dynamics of t he  drag  s h i e l d  w a s  
s tud ied  ( t h e  equat ions  and cons tan ts  used are shown i n  t h e  appendix).  
The r e s u l t s ,  yPls ,  QI, and J, are  presented i n  f i g u r e s  10 and 11 as a 
func t ion  of drop t i m e .  Figure 12 shows t he  t h r e e  wind p r o f i l e s  used. 
These p r o f i l e s  were cons t ruc ted  using informat ion  from re fe rence  3 .  
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The aerodynamic s t a b i l i t y  c h a r a c t e r i s t i c s  i n d i c a t i n g  t h e  g r e a t e s t  s ta-  
b i l i t y ,  d & / d a =  -22.9/rad and dCN/dG!= 8.88/rad,  are va lues  f o r  t he  
f inned launch v e h i c l e  of r e fe rence  4 a t  a Mach number o f  .6. Values of  
d&/da and dCNldaequa1 t o  one t e n t h  and one hundredth o f  t h e  maximum 
va lues  were a l s o  used i n  the  s imula t ion ,  s i n c e  t h e  smaller va lues  should 
be e a s i l y  obta inable  by proper  s i z i n g  o f  f i n s  and l o c a t i o n  of  c e n t e r  o f  
g r a v i t y  i n  t h e  drag  s h i e l d .  

Figure 10 shows t h a t  t he  maximum l a t e ra l  d i s t a n c e  t r a v e l e d  
by t h e  experiment package r e l a t i v e  t o  the  s h i e l d ,  y p i s ,  w a s  less than  
.5 f t  f o r  the  th ree  va lues  o f  l o n g i t u d i n a l  s t a b i l i t y  parameter ,  d h l d a ,  
w i t h  wind C. A s  expected,  t h e  amplitude of t h e  a o s c i l l a t i o n  increased  
w i t h  decreasing dC,,,/da, and the  frequency of t h e  o s c i l l a t i o n  i n  a 
decreased.  
package would be approximately 2 f e e t  i n  diameter ;  t h e r e f o r e ,  i t  could 
be moved l a t e r a l l y  1.5 f e e t  from t h e  c e n t e r  of  t he  5 - foo t  diameter  drag  
s h i e l d  before  touching t h e  w a l l .  Figure 10 i n d i c a t e s  t h a t  t h e  drag  
s h i e l d  and experiment package would not  touch s i n c e  t h e i r  r e l a t i v e  
motion l a t e r a l l y  i s  l e s s  than  .5 f t  throughout t h e  drop.  

Changes i n  dC,.,,/da had a similar e f f e c t  on \Ir. The experiment 

Figure 11 shows t h a t  t h e r e  w a s  l i t t l e  change i n  r e s u l t s  
due t o  wind changes a t  cons tan t  dC, /da  and dCN/da 

111. CONCLUSIONS 

An i n v e s t i g a t i o n  has  been made of a high a l t i t u d e  drop t e s t  t ech-  
nique fo r  s imula t ion  of  low g r a v i t y  environments. It was found t h a t  
continuous low g r a v i t y  t e s t  times o f  24 t o  26 seconds could be achieved 
wi th  a maximum drag  s h i e l d  v e l o c i t y  o f  820 f t / s e c .  
t h e  drag  s h i e l d  opposing the  drag  fo rce  w a s  r equ i r ed  t o  l i m i t  t he  long i -  
t u d i n a l  t r a v e l  of t he  experiment package r e l a t i v e  t o  the  s h i e l d .  Applica- 
t i o n  of a cons tan t  t h r u s t  f o r  t h e  d u r a t i o n  of  a drop,  a p p l i c a t i o n  of a 
t h r u s t  increas ing  a t  a cons tan t  r a t e ,  and delayed a p p l i c a t i o n  of  a con- 
s t a n t  t h r u s t  were s tud ied .  The l a t t e r  two t h r u s t  methods gave t h e  b e t t e r  
r e s u l t s  ( i . e . ,  longer  t e s t  times wi th  a s h o r t e r  drag  s h i e l d  r e q u i r e d . )  
In  some cases  22 to 24 seconds of  low g r a v i t y  t e s t  t ime were ind ica t ed  
w i t h  a drag s h i e l d  which allowed 15 f e e t  o f  experiment package long i tu -  
d i n a l  t r a v e l  r e l a t i v e  t o  the  s h i e l d .  

Thrust  appl ied  t o  

The e f f e c t s  of changes i n  long i tud ina l  aerodynamic s t a b i l i t y  and 
wind p r o f i l e  on the  drag s h i e l d  and experiment package dynamics were 
inves t iga t ed .  A wide range of va lues  f o r  t he  s t a b i l i t y  parameter w a s  
found t o  be accep tab le .  The l a t e r a l  motion of t h e  experiment package 
r e l a t i v e  t o  the  drag s h i e l d  w a s  l e s s  than .5  f t  f o r  the most s eve re  
condi t ions of wind and aerodynamic s t a b i l i t y  i n v e s t i g a t e d .  
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APPENDIX 

Ef fec t  of Winds 

The e f f e c t  o f  wind on t h e  dynamics o f  t he  f a l l i n g  drag  s h i e l d  w a s  
s tud ied  us ing  wind d a t a  from re fe rence  3. The normal f o r c e  c o e f f i c i e n t s  
and p i t c h i n g  Zornent c o e f f i c i e n t s  of t h e  f inned launch v e h i c l e  i n  r e f e r -  
ence 4 were taken as t y p i c a l  va lues  and were reduced i n  magnitude t o  
r e p r e s e n t  va lues  which should be ob ta inab le  wi th  the  drag  s h i e l d .  
were s imulated using the  fol lowing equat ions  wi th  t h e  assumption t h a t  + and O! were small angles .  

Drops 

where 

msys - K, k: a = 0 

m ?  - K 1 k 2 + m g = 0 ,  
s s  S S 

- 
Ypls - ?sot - ys 

The cons t an t s  used were 

I = 3229 lb - sec2 - f t  

l b f  - sec2  
f t  m = 155 

S 

I 
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g = 32.17 f t / s e c 2  

p = .00238 l b f - s e c 2 / f t 4  

A = 19.63 f t 2  

E = 5 f t .  

The i n i t i a l  condi t ions  f o r  the  simulated drops were 

x = 15,000 f t  
S 

;r = o  
S 

= -v. 

The va lues  of d h l d a ,  dCN/da ,  and V used are shown on f i g u r e s  10, 11, 
and 1 2 .  
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